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1961 USSR TEST SERIES THROUGH OCTOBER 4TH 


by John M. Fowler, Ph.D. 


WITH September came the sound, absent for three years, 
of nuclear explosions. The Russians opened an intensive 
testing program on the first of September, and by October 
4, when this article was written, had exploded 17 nuclear 
devices. The dates, yields and locations of these ex- 
plosions, as announced by our Atomic Fnergy Com- 
mission, are shown in the table below. 

For purposes of rough computation, the total yield 
of these tests was estimated at 26,000 kilotons, or 26 
megatons. If the ratio of fission yield (the energy coming 
from the splitting of the Uranium nucleus, a process 
which produces much radioactivity and strontium 90) 
to the fusion yield (the H-bomb process which produces 
many neutrons but no strontium 90) is taken to be one 
half, as it was in previous test series, then the present 
Russian tests have released to date fission debris from 
13 megatons of explosion. 

In order to evaluate the significance of this added, 
atmospheric contamination, it must be compared to pre- 


vious measurements. The Russian tests of a similar per- 
iod late in 1958 provide a convenient reference. The fis- 
sion yield of these tests was estimated as being between 
10 and 15 megatons, Therefore tests to date may already 
be equivalent to the 1958 Russian tests. Soil pollution from 
the fall 1958 tests as predicted by the U.S. Weather 
Bureau is shown in Figure 1. Making the reasonable guess 
that weather conditions this fall were not too different 
from fall 1958, one would expect a similar pattem of 
fallout distribution in 1961-62. Thus, the major portion of 
continental U.S.A. may receive an added 20 millicuries 
per square mile from these new tests. 

All tests prior to 1961 released fission products cor- 
responding to 92 megatons of fission. The present 
Russian tests thus represent about a 15% increase in the 
total. The soil level of strontium 90 in the midwest in 
1960 was about 80 millicuries of Sr90 per square mile. 
The additional 20 millicuries represent a 25% increase, 
(Continued on page 2) 


1961 USSR NUCLEAR TEST SERIES 


E stimate* 
(Kilotons) 


Yield Location Remarks 


25,600 


1 Sept. 1 intermediate kiloton range 200 Semipalatinsk Area Announced by White House 
2 Sept. 4 low kiloton range 10 Semipalatinsk Area Announced by AEC 
3 Sept. 5 low to intermediate kiloton range 50 Semipalatinsk Area Announced by AEC 
4 Sept. 6 low to intermediate kiloton range 50 East of Stalingrad Announced by AEC 
5 Sept. 10 several megatons 5,000 Novaya Zemlya Area Announced by AEC 
6 Sept. 10 low to intermediate kiloton range 50 Novaya Zemlya Area Announced by AEC 
Pf Sept. 12 several megatons 5,000 Novaya Zemlya Area Announced by AEC 
8 Sept. 13 low to intermediate kiloton range 50 Semipalatinsk Area Announced by AEC 
9 Sept. 13 low to intermediate kiloton range 50 Novaya Zemlya Area Announced by AEC 
10 Sept. 14 several megatons 5,000 Novaya Zemlya Area Announced by AEC 
11 Sept. 16 order of a megaton 1,000 Novaya Zemlya Area Announced by AEC 
12 Sept. 17 intermediate kiloton range 200 Semipalatinsk Area Announced by AEC 
13 Sept. 18 order of a megaton 1,000 Novaya Zemlya Area Announced by AEC 
14 Sept. 20 order of a megaton 1,000 Novaya Zemlya Area Announced by AEC 
15 Sept. 22 order of a megaton 1,000 Novaya Zemlya Area Announced by AEC 
16 Oct. 2 order of a megaton 1,000 Novaya Zemlya Area Announced by AEC 
17 Oct. 4 several megatons 5,000 Novaya Zemlya Area Announced by AEC 


Sept. 26, 1961 
U. S. Weather Bureau 


*Estimate by John Fowler for rough calculations. 
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Figure 1 


ESTIMATED DEPOSITION OF STRONTIUM-90 IN MILLICURIES PER SQUARE MILE FROM THE OCTOBER 1958 SOVIET ARCTIC TEST SERIES, 
WHICH HAD A FISSION YIELD OF 10 TO 15 MEGATONS. BASED ON FALLOUT DATA OBSERVED DURING THE YEAR SUBSEQUENT 


TO THE TEST AND ON WORLD PRECIPITATION DATA. ( LINES BASED ON VERY LIMITED DATA ARE DASHED. ) 


U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU, SEPTEMBER 1961 


a relatively greater rise because of the concentration of 
fallout in the mid-latitude band of the temperate zone. 

Milk levels will also be expected to rise. The stron- 
tium 90 content of milk depends in some incompletely 
determined manner on both the rate of fallout and the 
total ground levels. Since, however, milk in St. Louis in 
April 1961 showed 20 Strontium Units (SU)* when the 
fallout rate was effectively zero, we can for purposes of 
a rough comparison attribute that level entirely to soil 
strontium 90. 

The peak milk level was 37 SU in April 1959. If the 
additional 17 SU were due to fallout from the Russian 
(and U.S.) tésting in 1958, then the peak milk level in 
April 1962 (based on tests through October 1961) may 
again reach the neighborhood of 37 SU. 

Using milk values obtained by the new method of milk 
sampling, and assuming that the relationship between 
old and new methods was the same at all times, a com- 
parable estimate for the new methods gives 16 SU. 

It must be emphasized that this calculation is only 
a rough estimate, and that most of the facts pertinent 
to making predictions are not yet precisely known. 

In the preparation of this article, I am much indebted 
to Dr. Lester Machta, Chief of the Meteorological Re- 
search Projects Branch of the U.S. Weather Bureau, who 
provided current data, maps and tables. 


* Figures obtained by the old method of U.S.P.H.S. sampling. See 
article by Warren Hansen, page 3 this issue, and Nuclear Information, 
January, 1961, Vol. III, No. 3: “How Hot is Missouri?” 
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CIVIL DEFENSE 

CNI plans to devote a number of forthcoming issues 
of Nuclear Information to problems of civil defense. 
The first in this series will appear in the near future. 
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EDITOR’S NOTE 


THE following two articles were prepared for Nuclear 
Information before the resumption of atmospheric nuclear 
testing by Russia. This development has prompted many 
inquiries at CNI, and plans are currently under way for 
future issues dealing with questions that appear most 
pressing. 

Both articles in the present issue, however, remain 
timely. The description of radiological research being 
conducted by the St. Louis County Health Department 
gives insight into progress that has been made in the 
field of monitoring for environmental radioactivity, and 
studies of means of reducing radioactivity in food stuffs. 
As a result of the recent Russian tests, fallout is ex- 
pected to occur again but to an extent that is not pre- 
cisely known (see above). Fortunately, facilities for 
monitoring radioactivity have been greatly expanded and 
improved since the last group of atmospheric tests. This 
is true not only locally but throughout the nation. 

In this connection, it is now possible to give follow- 
up observations of various ways of obtaining milk for 
analysis, which were discussed in the January 1961 
issue of NI. It was then reported that the old method of 
sampling milk for strontium 90 analyses yielded sub- 
stantially higher values than a new method. According 
to the original procedure, milk was obtained from a 
few farms, while in the new procedure milk was 
obtained at the point of distribution to the public. The 
latter would presumably give results that are more 
representative of the milk shed as a whole. 

The differences between the two methods are shown 
in Table I for August 1960, the first available com- 
parative values, through April 1961, the last reported. 
It can be seen that the differences are quite consistent. 
If such differences existed before August 1960, the 
strontium 90 content of milk in the St. Louis area may 
have been overestimated to a considerable degree in the 
past. It now appears that the only method of making sure 
of this conclusion is the Baby Tooth Survey; preliminary 
results should be available within a few months. 


TABLE | 
eine Micromicrocuries Sr 90 per Liter Milk 
Old Method New Method 
August 1960 16 6 
September 15 7 
October 15.1 6 
November 13.7 
December 14 10 
January 1961 13 
February 12 6 
March 13 8 
April 20 8 


Figures obtained from the monthly publication, Radio- 
logical Health Data, U.S. Department of Health, 
Education and Welfare, January through September 1961. 


Dr. Blumenthal’s article is about the possible effects 
of low dosages of radiation on cancer. His review of a 
recent study of bomb survivors in Hiroshima gives a 
discussion of a problem that is of continued interest to 
scientists and lay persons alike. E.R. 


RADIOLOGICAL HEALTH RESEARCH 


IN THE ST. LOUIS COUNTY 
HEALTH DEPARTMENT 


THE St. Louis County Health Department has been 
engaged in radiological health research for a little more 
than a year. The project arose out of interest in, and 
concern about, the St. Louis area after surveillance 
reports repeatedly showed a higher strontium 90 content 
in St. Louis milk than any other area tested. Following 
correspondence and discussion with representatives of 
the United States Public Health Service, a local Scienti- 
fic Committee was set up to advise on appropriate ways 
of studying reasons for the high strontium 90 findings. 

Subsequently, the project was organized as a joint 
endeavor of the Public Health Service and the St. Louis 
County Health Department, with other public and private 
groups cooperating. The project’s goal was to learn, 
first, what are the principal environmental and clima- 
tological factors influencing the concentration of 
radionuclides, especially strontium 90, in milk, and 
second, whether the levels of radionuclides observed in 
milk could be favorably moderated through adjustment of 
farm practices. 


Sixty-six Farms Studied 

The basic plan for the study was to examine in some 
detail a group of sixty-six farms in the St. Louis milk- 
shed. At approximately quarterly intervals, samples of 
milk, water, each kind of feed in current use, soil, and 
in some cases fertilizer, were collected from each of the 
farms for analysis of radionuclides and minerals such as 
calcium, stable strontium and potassium. Surveys were 
made on each farm to observe variables in farming 
practice, agronomy, and dairy husbandry. 

As the contract was originally set up, the County 
Health Department was to assist in gathering the 
samples, ash them, and examine them for gross beta 
radioactivity. The samples were then to be shipped to 
the Robert A. Taft Sanitary Engineering Center in 
Cincinnati, for analysis of radionuclides and minerals. 
However, it quickly became evident that the Center was 
already occupied full time with various programs, and 
could not easily absorb an additional load of samples 
from the St. Louis project. 


Laboratory & Research Team at County Health Department 

Accordingly, the contract for the Health Department 
was modified with provisions to equip the laboratory for 
radiochemical analyses, and to add a research team of 
six people to the Division of Sanitation. This team, 
under the leadership of Warren G. Hansen, Ph.D., a 
biochemist, is responsible for gathering the samples and 
making the farm surveys in the field. It does most of the 
analytical work, and cooperates with the Taft Sanitary 
Engineering Center in the statistical evaluation of data. 

Four quarterly sets of samples from the group of 
sixty-six farms have been gathered and processed. 
However, because of the laborious method of assay for 
strontium 90, the first set of samples, gathered in March 
1960, has only recently been completed. 


(Continued on last page) 


3 


| 1% 


THE FREQUENCY OF CANCER AMONG A-BOMB SURVIVORS IN HIROSHIMA CITY, JAPAN 


by H. T. Blumenthal, M.D., Ph.D. 


THE EXPLOITATION of nuclear energy over the past 
several decades has created an awareness among lay, 
as well as scientific, persons that man-made ionizing 
radiation, whatever its source, constitutes an important 
addition to the list of hazards to human existence and 
well-being. The new uses of nuclear energy, whether for 
peacetime or military purposes, pose a threat of exposure 
of world populations to additional radiation, undetect- 
able to the unaided human senses, and capable of pro- 
ducing serious bodily injury. It has thus become 
essential that a tolerable upper limit of radiation ex- 
posure for human beings be determined. 


The Problem of a Threshhold 

Individual scientists, national science committees, 
and even international commissions, have been wrestling 
with this problem for a number of years, without con- 
clusive results. The determination of a maximum per- 
missible level of radiation exposure is complicated by 
the possibility that different tolerance levels may exist 
for different types of radiation injury. From the point of 
view of genetic injury, there may be, according to Dr. 
Bentley Glass, no threshhold level of exposure below 
which genetic damage (mutations) may not occur. 


Genetic and Somatic Mutations 

The problem as regards leukemia and cancer result- 
ing from exposure to radiation is generally considered 
different from the genetic one. Nevertheless, there are 
some possible similarities between the effects of radia- 
tion on germ cells of the reproductive organs, and on 
somatic cells that make up the bulk of body structures 
which should not be disregarded. (All cells other than 
germ cells are called “Somatic.”) Just as geneticists 
believe that genetic mutations are caused by ionizing 
radiation striking chromosomes of germ cells, some 
scientists believe that cancers resulting from radiation 
may be due to ionizing radiation striking chromosomes of 
somatic cells, thereby causing somatic mutations. 

Information about radiation-induced cancers in human 
populations that are known to be, or to have been in 
previous generations, exposed to radiation at levels that 
can be estimated, would appear to be particularly useful 
as regards somatic as well as genetic damage. 

With respect to the cancer problem, interest has thus 
far centered on the occurrence of leukemias, lymphomas 
and bone cancer. These forms of malignancy occur pre- 
dominantly in young persons with actively growing 
tissues, and it is believed that such active growth con- 
fers an increased susceptibility to the cancer-producing 
effects of radiation. (This problem was discussed in 
Nuclear Information, Vol. 3, No. 1, Oct. 1960.) 


The Hiroshima Tumor Registry 

Obviously, a final answer is dependent upon studies 
extending over more than one generation, but some 
information regarding these problems is already within 
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reach. In order to study the relation between radiation 
and the occurrence of malignancies, the Hiroshima 
Medical Association of Japan has established a com- 
munity tumor registry, and has been working in conjunc- 
tion with the Atomic Bomb Casualty Commission (ABCC) 
of the United States and the Japanese National Institute 
of Health. The program which they have developed was 
suggested by Dr. Robert H. Holmes, a former director of 
the ABCC. The registry began functioning on May 1, 
1957. All tumor cases, both malignant and benign, are 
being reported to the medical association, and for each 
a history of radiation exposure is being obtained from 
the ABCC records. ABCC Physicists have been making 
careful studies! estimating radiation dosage in relation 
to the distance from the center of the Hiroshima A-bomb 
explosion, and in relation to shielding conditions for each 
individual under study. While data on detailed shielding 
histories are not yet complete, it is noteworthy that 90% 
of the survivors within 1.24 miles (2000 meters) of the 
explosion center were either in the open or in Japanese 
wooden houses. 


First Report Covers 20 Months of Study 

A report has recently been published by Drs. Harada 
and Ishida? covering the first 20 months of this study. 
During this period, approximately 1,750 cases of malig- 
nant tumors and 810 cases of benign tumors were received 
at the registry. Whenever possible, these registered 
cases were checked against hospital biopsy and autopsy 
records as well as against reports of x-ray examinations 
and surgical operations in those records. Cases which 
could be checked out in this manner were classified as 
“confirmed.” Other cases which were registered on the 
basis of only a clinical examination were classified as 
“unconfirmed.” Most unconfirmed cases were among 
patients with benign tumors. 


94% of “Unconfirmed” Cases Confirmed at Autopsy 

In the overall, there were 4.6% unconfirmed cases 
among males, and 6.6% among females, although for 
cancer of the ovary there were 15.4% unconfirmed cases. 
A further check was made on the accuracy of diagnosis 
by clinical examination only. Autopsy diagnoses regis- 
tered at ABCC from 1948-1959 were matched against 
cases diagnosed before death by clinical examination 
alone, and the results showed that 94% diagnosed in this 
way were subsequently confirmed at autopsy. It was 
therefore concluded that these cases could be safely 
included with the risk of only a small margin of error. 

Another problem in validating the data was the de- 
termination of the total number of living survivors of the 
Hiroshima A-bomb explosion. Since this event, some 
people had moved away from the city, and others had 
died of various causes, both natural and _ radiation- 
induced. This determination was done in two ways: 
(1) from the 1950 exposed population census listed in 


(Continued to page 5) 


the supplementary schedule of the Japanese National 
Census, and (2) from a “Master Sample” compiled by the 
Japanese National Institute of Health and the ABCC. 
The latter source had also been used in connection with 
previous studies on the increased frequency of leukemias 
among Hiroshima A-bomb survivors. ** 


Incidence of Tumors Varies Directly with Radiation Dose 


Drs. Harada and Ishida have found that the incidence 
of tumors discovered among the survivors of the Hiroshi- 
ma explosion during this initial 20-month period varied 
directly with the radiation dose received, insofar as it 
was valid to conclude that the dose was directly related 
to the distance of the individual from the center of the 
explosion. 

The incidence of malignant tumors, exclusive of 
lymphomas and leukemias, among survivors within 0.62 
miles (1000 meters) of the center of the explosion, was 
over 4 times that among the unexposed population; 
between 0.62 - 0.93 miles (1000 and 1500 meters) from 
the center, malignant tumors were about twice as fre- 
quent as in the unexposed population; and between 
0.93 - 1.24 miles (1500 and 2000 meters) slightly less 
than 1% times as frequent. Beyond 1.24 miles the fre- 
quency of malignancies was about the same in the ex- 
posed as in the unexposed portion of the population. The 
graphs in Figure 1 compare the relation of distance (dose) 
to the incidence of all tumors and to the incidence of 
leukemias. It is evident that these incidences diminish 
directly in relation to distance from the center, or to 
dose of radiation received. 


Significant Differences in Frequency 

Furthermore, there are also significant differences in 
the frequency of certain specific types of cancer (those 
involving lung, stomach, uterus and ovaries, for example) 
between survivors under 0.93 miles and the expected 
frequency of cases calculated from the rates in the non- 
exposed portion of the Hiroshima population. Data on 
bone cancer are not included, presumably because this 
is a relatively rare type of malignancy, and much greater 
numbers will have to be gathered in order to obtain a 
significantly large enough sample. 

The incidence of benign tumors among the survivors 
within 0.62 miles from the center of the explosion was 
slightly less than twice that in the unexposed population, 
and this was trie also of survivors between 0.62 - 0.93 
miles. Beyond 0.93 miles there was essentially no 
difference between exposed and unexposed populations. 


The “Doubling Dose” 


These data relate to a population which has received 
a Single large dose of irradiation. For those who were 
within 0.62 miles of the explosion’s center, it can be 
concluded that at least some survivors received a maxi- 
mum sublethal dose of a single external whole body 
irradiation. From estimates of the magnitude of irradia- 
tion exposure at different distances from the explosion 
center and the cancer rates determined by Drs. Harada 


Figure 1 
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City. (Harada and Ishida ref. 2) 


and Ishida, the ‘so-called “doubling dose” for human 
cancer can be estimated. This is the dose at which the 
cancer rate of an unexposed population would be doubled. 


They have calculated that such a “doubling dose” 
was received by persons located at approximately 0.8 
miles (1300 meters) from the center of the explosion. 
The equivalent air dose has been determined to be ap- 
proximately 400 rads. This dosage is equal to or some- 
what below the LD50 (median lethal dose) for human 
beings. The latter is the dose which would kill about 
one-half of an exposed population. Thus, with an atomic 
explosion of the magnitude of the Hiroshima A-bomb, 
approximately half of the people located at about 0.8 
miles from the explosion center would die of radiation 
exposure, while in the remaining half, the cancer rate 
would be about twice that in an unexposed population. 

One hypothesis as to how radiation influences the 
development of cancer is that it simply accelerates the 
appearance of malignant tumors without increasing their 
lifetime incidence. This means that it causes them to 
appear Sooner in persons who are destined to develop 
them in any event. 


(Continued to last page) 
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CANCER AMONG A-BOMB SURVIVORS 


(Continued from page 5) 
cs The data derived from the study by Drs. Herada and 

ae? StS Ishida refute this hypothesis. It can be seen from Fig. 2 

ee that the increase in the incidence of cancet shows up in 

all age groups. 

Figure 2 
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Milk Sr 90 Levels Vary with Type of Farm 

At this point, general impressions of factors important 
in the ecology of strontium 90 may be given. It appears 
in a general way that milk from farms on which the land 
is thin,: poorly fertilized, and unproductive, contains 
relatively higher concentrations of strontium 90, whereas 
milk from farms having deep, well-fertilized, very pro- 
ductive land, contains lower concentrations of strontium 
90. The very wide variation in concentrations of stron- 
tium 90 observed in the milk from these farms tends to 
indicate that the particularly large amount of fallout 
in this area is not a major factor, but rather that levels 
of radionuclides in milk are influenced by situations 
existing on the farms. 

As the data becomes more complete and it becomes 
possible to sort out by statistical analyses, the many 
variables that may be involved, it is expected that the 
information will be utilized to provide a basis for a 
field study. This v.i'l attempt to learn whether levels of 
radionuclides appearing in milk can be reduced by 
adjusting farm practices. 
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